Olfactory stimuli are used in aromatherapy to enhance mood, well-being and work efficiency. Nevertheless, the impact of fragrances on cognitive performance in humans is not well understood. The present investigation aimed to evaluate the effects of 1,8-cineol, jasmine absolute ether, linalyl acetate and peppermint essential oil on human vigilance performance. The odorants were administered by means of inhalation and, except for peppermint essential oil, were tested at 2 different dosages. Performance in a standard visual vigilance task was measured in terms of speed and accuracy and subjective ratings of the odorants were assessed in terms of pleasantness, intensity, arousal and stress. We hypothesized that 1,8-cineol, jasmine absolute ether and peppermint essential oil would improve vigilance performance, whereas linalyl acetate would impair such performance. Comparison of the performances of the seven independent experimental groups with that of a control group did not show any of the expected effects. In contrast, inhalation of linalyl acetate decreased reaction times. Within-group analyses, however, revealed significant interactions between subjective ratings of the odorants and task performance. The results of the present investigation emphasize the high impact of subjective factors on the modulation of attentional functions by olfactory stimuli in humans.
Scientific research during the past three decades has considerably expanded our understanding of the relationship between olfaction and human cognition and behavior. The impact of fragrances and natural essential oils on a variety of emotional, affective and mood states [1a-1f] , as well as on performance in various higher cognitive tasks [2a-2g] , has been evaluated quite extensively.
Attention is one of the most basic brain functions and the integrity and processing efficiency of the attention systems constitute a basic prerequisite for all higher cognitive functions. Nevertheless, only a limited number of studies are available on the influence of odors on the performance of healthy human subjects in attentional tasks. In a pioneering investigation, Warm and co-workers [3a] studied the effects of two pleasant fragrances (peppermint oil and muguet) on a visual vigilance task and found that both scents, irrespective of their expected efficacy, increased the number of correctly detected targets. In contrast, Gould & Martin [3b] showed that bergamot odor, which was judged as relaxing compared with both peppermint and no odor, reduced the number of correctly detected targets in a visual vigilance task. Recently, Millot and co-workers [4a] demonstrated that reaction time in simple visual and auditory tasks decreased under both pleasant (lavender) and unpleasant (pyridine) odor stimulation. In another investigation [4b], a synthetic musk-like odor doubled the response latencies in a visual search task when it was undetectable, but did not affect performance at supra-threshold concentrations. Gilbert and colleagues [2d] found no effects of pleasant or unpleasant scents on the performance of subjects in a digit deletion task. Interestingly, suggestion of the presence of an odor rather than the actual exposure significantly interacted with sex of the subjects in this task, i.e., women performed better while men performed worse under the suggestion of an odor.
The results of the aforementioned investigations are inconsistent, and several, sometimes competing, psychological and pharmacological theories have been proposed to explain these phenomena. Jellinek [4c] identified four factors that constitute the basis of psychodynamic effects of odors: a quasi-pharmacological Figure 1 : Mean difference scores of reaction time (± SEM) between successive trials for all groups; W: water, LA: linalyl acetate, C: 1,8-cineol, J: jasmine, P: peppermint; Trial 1 -Trial 2: difference score between the first and the second trial, Trial 2 -Trial 3: difference score between the second and the third trial, Trial 3 -Trial 4: difference score between the third and the fourth trial; *: Significant difference between control group and experimental group (P ≤ 0.05). factor affecting central nervous or hormonal systems; a semantic factor reflecting personal experiences with certain odors; a hedonic valence factor representing the degree of pleasantness of emotional states; and finally a placebo factor based on subjective expectations.
In an earlier investigation [4d], we demonstrated that the subjective evaluation of the olfactory stimulus, particularly in terms of pleasantness and arousal, had a significant influence on alertness. The present investigation continues this work and evaluates the effects of several essential oils and main constituents of essential oils on human vigilance.
The mean difference scores of reaction time between successive trials for all groups are depicted in Figure 1 . Comparison of the difference scores between the first and the second trial (T1-T2) and the second and third trial (T2-T3), respectively, revealed no significant differences between groups. Comparison of the difference scores between trials three and four (T3-T4) revealed that T3-T4 was significantly smaller in the control group than in the linalyl acetate (20 µL) group (U = 315.0, P = .046). Subjects in the linalyl acetate (20 µL) group reacted faster during the fourth trial as compared with the third than subjects in the control group. No other significant differences were found.
In general, the number of false alarms did not vary considerably between trials and was higher in the first than in the second and higher in the fourth than in the third trial. This pattern was observed more or less in all groups. No significant differences were found between groups (data not shown).
Figure 2:
Mean difference scores of misses (± SEM) between successive trials for all groups; W: water, LA: linalyl acetate, C: 1,8-cineol, J: jasmine, P: peppermint; Trial 1 -Trial 2: difference score between the first and the second trial, Trial 2 -Trial 3: difference score between the second and the third trial, Trial 3 -Trial 4: difference score between the third and the fourth trial; *: Significant difference between control group and experimental group (P ≤ 0.05).
The mean difference scores of misses between successive trials for all groups are depicted in Figure 2 . Comparison of T1-T2 showed significant differences between the control group and the 1,8-cineol (20 µL) group (U = 320.0, P = 0.044), as well as between the control group and the peppermint group (U = 275.5, P = 0.007), i.e., subjects in these experimental groups missed more stimuli in the second trial as compared with the first than did subjects in the control group. No significant differences between groups were found for T2-T3 or for T3-T4.
Comparison of the difference scores between rating 1 and rating 2 (R1-R2) of pleasantness revealed significant differences between the control group and the linalyl acetate (5 µL) group (U = 310.5, P = 0.039), the 1,8-cineol (5 µL) group (U = 198.0, P = 0.000), the 1,8-cineol (20 µL) group (U = 259.5, P = 0.005), the jasmine (50 µL) group (U = 323.0, P = 0.001) and the peppermint group (U = 296.5, P = 0.023), i.e., subjects in these experimental groups rated the odor of the fragrance at the beginning of the third trial in comparison with the odor of water at the beginning of the second trial more pleasant than subjects in the control group. No significant differences were found between the other groups. Comparison of the difference scores between ratings 2 and 3 (R2-R3) showed no significant differences between the control group and the experimental groups ( Fig. 3 ).
Comparison of R1-R2 for arousal revealed significant differences between the control group and the linalyl acetate (5 µL) group (U = 291.5, P = 0.019), the 1,8-cineol groups (1,8-cineol (5 µL): U = 256.5, P = 0.004; 1,8-cineol (20 µL): U = 213.5, P = 0.000), the jasmine (20 µL) group (U = 310.0, P = 0.038) and the Figure 3 : Mean difference sores of the odor ratings (± SEM) for all groups; W: water, LA: linalyl acetate, C: 1,8-cineol, J: jasmine, P: peppermint; Rating 1 -Rating 2: difference score between rating 1 and rating 2, Rating 2 -Rating 3: difference score between rating 2 and rating 3; *: significant difference between control group and experimental group (P ≤ 0.05); ‡: significant difference between experimental groups having received the same fragrance at different dosages (P ≤ 0.05). peppermint group (U = 191.0, P = 0.000). In these experimental groups, the odor of the fragrance at the beginning of the third trial compared with water at the beginning of the second trial was rated more activating than in the control group. No significant differences were found between the other groups. Comparison of R2-R3 revealed a significant difference between the control group and the 1,8-cineol (5 µL) group (U = 247.5, P = 0.003), i.e., the odor of 1,8-cineol at the end of trial 4 in comparison with the beginning of trial 3 was rated more tiring than in the control group. No significant differences were found between the other groups ( Fig. 3) .
Comparison of R1-R2 for stress revealed a significant difference between the control group and the 1,8-cineol (20 µL) group (U = 303.5, P = 0.030), i.e., subjects in this experimental group felt less relaxed at the beginning of the third trial compared with the beginning of the second trial than subjects in the control group. A significant difference was also found between the 1,8cineol groups (U = 279.5, P = 0.012), i.e., subjects in the 1,8-cineol (20 µL) group felt less relaxed at the beginning of trial 3 compared with the beginning of trial 2 than subjects in the 1,8-cineol (5 µL) group. No significant differences were found between the other groups. Comparison of R2-R3 showed a significant difference between the control group and the jasmine (50 µL) group (U = 312.5, P = 0.042). Subjects in the jasmine (50 µL) group felt significantly more relaxed at the end of the fourth trial in comparison with the beginning of the third trial than subjects in the control group. R2-R3 did not differ significantly between the other groups (Fig. 3) .
The results of the multivariate analyses for all groups are summarized in Table 1 . In the control group, a linear relationship was found between misses (T2-T3) and the rating of odor arousal (R1-R2). The more stimulating subjects rated the odor of water at the beginning of trial 3 compared with the beginning of trial 2, the fewer misses occurred in the third trial compared with the second trial.
In the 1,8-cineol (5 µL) group, false alarms (T3-T4) were related in a linear way with odor pleasantness (R2-R3) and odor arousal (R2-R3), i.e., the less pleasant and the more stimulating the odor of 1,8-cineol was rated at the end of the fourth trial in comparison with the beginning of the third trial, the higher was the number of false alarms in trial 4 compared with trial 3. In the 1,8-cineol (20 µL) group, a non-linear interaction was revealed between false alarms (T3-T4), odor pleasantness (R2-R3) and stress (R2-R3), i.e., the more the subjective judgment of pleasantness of the 1,8cineol odor at the end of the fourth trial differed from that at the beginning of the third trial and the more relaxed subjects felt at the end of trial 4 in comparison with the beginning of trial 3, the higher was the number of false alarms in trial 4 compared with trial 3.
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Heuberger & Ilmberger Table 1 : Relation between differences scores of reaction times, false alarms, misses and subjective odor ratings for all substances.
Substance
Vigilance parameter
Odor rating Stress
Pleasantness Intensity Arousal W MISS T2-T3 R1-R2 / R = 0.381, P = 0.041 C 5µL
FA T3-T4 R2-R3 / R2-R3 \ R = 0.768, P = 0.000 C 20 µL FA T3-T4 R2-R3 ∩ R2-R3 \ R = 0.453, P = 0.045 LA 5 µL FA T2-T3 R1-R2 \ R = 0.370, P = 0.044 LA 20 µL FA T2-T3 R1-R2 ∩ R1-R2 ∩ R = 0.555, P = 0.007 RT T3-T4 R2-R3 / R = 0.401, P = 0.035 P FA T3-T4 R2-R3 \ R2-R3 ∩ R = 0.468, P = 0.035 W: water, LA: linalyl acetate, C: 1,8-cineol, P: essential oil of Peppermint; RT T3-T4: reaction time difference between trials 3 and 4; FA T2-T3: difference of false alarms between trials 2 and 3, FA T3-T4: difference of false alarms between trials 3 and 4; MISS T2-T3: difference of misses between trials 2 and 3; R1-R2: difference between ratings 1 and 2, R2-R3: difference between ratings 2 and 3; /: positive linear relation, \: negative linear relation, ∪: non-linear relation U-shaped, ∩: non-linear relation inverse U-shaped.
In the linalyl acetate (5 µL) group, a linear relation was found between false alarms (T2-T3) and stress (R1-R2), i.e., in the third trial compared with the second trial the number of false alarms was the higher, the more relaxed subjects felt at the beginning of the third trial compared with the beginning of the second trial. In the linalyl acetate (20 µL) group, a non-linear interaction was observed between false alarms (T2-T3), odor pleasantness (R1-R2) and stress (R1-R2). The more the pleasantness of the linalyl acetate odor at the beginning of the third trial differed from that of water at the beginning of the second trial and the more the subjective degree of relaxation at the beginning of trial 3 differed from that at the beginning of trial 2, the higher was the number of false alarms in trial 3 compared with trial 2. Reaction time (T3-T4) was correlated with odor pleasantness (R2-R3), i.e., in trial 4 compared with trial 3 subjects reacted the faster, the more pleasant they rated the odor of linalyl acetate at the end of the fourth trial compared with the beginning of the third trial.
In the peppermint group, false alarms (T3-T4) were related in a non-linear way to odor intensity (R2-R3) and stress (R2-R3). In the fourth trial compared with the third trial, the number of false alarms was the lower, the more intense subjects rated the odor of peppermint at the end of trial 4 in comparison with the beginning of trial 3 and the less the subjective feeling of stress at the end of the fourth trial differed from that at the beginning of trial 3.
In the present study, the only effect on performance speed was found in the linalyl acetate (20 µL) group. Contrary to our expectations of a sedating effect and although the odor was not rated as more arousing than water by the control group, this group was the only one that showed faster reaction times during the application of the odorant. This increase of performance speed was correlated with subjective ratings of odor valence: the more pleasant the fragrance was estimated, the more pronounced was the decrease in reaction times. In regard to performance accuracy, we conclude that neither the number of misses nor of false alarms was affected by any of the fragrances. However, the number of false alarms was associated with subjective odor pleasantness in the linalyl acetate (20 µL) group and both 1,8-cineol groups. These findings imply that, at an individual level, subjective odor judgments had an impact on the performance in the vigilance task. The power of subjective estimates is most evident in the control group: subjects who rated water as more stimulating in trial 3 than they did in trial 2 made fewer errors in the vigilance task. Interestingly, in the experimental groups, odor pleasantness and the subjective level of stress rather than expectations of the odor's effect and its intensity seemed to be relevant factors influencing performance in the vigilance task. The influence of beliefs about fragrances -even if their presence is feigned [5a] -and expectations of their effects have also been shown in several other investigations [5b,5c].
While higher cognitive functions seem to be influenced readily by olfactory stimuli (e.g., [2a,2c,2g,5d] ), most subjects may be working at optimal and robust performance levels when basic functions such as alertness or vigilance are examined, and it may not be easy to influence those basic functions with essential oils in a pharmacological way. Moss and co-workers [5e] tried to eliminate subjective expectations by keeping their subjects naive about the application of odors while testing a variety of cognitive functions. As in our study, no significant differences between control and experimental groups were found for basic functions such as simple reaction time or vigilance, but the authors reported differences for more complex tasks such as choice reaction and word recognition. Further research probing these and other more complex cognitive functions will be needed to explore the interactions between odor exposure and task complexity.
Another way to disentangle the factors discussed by Jellinek [4c] would be to eliminate personal factors as much as possible by applying essential oils directly to Essential oils and human vigilance Natural Product Communications Vol. 5 (9) 2010 1445 the skin while subjects are wearing breathing masks so that olfactory stimulation is blocked. Using this method, Heuberger and co-workers [6a] found stimulating effects of 1,8-cineol on physiological parameters like eye blink rate and breathing rate. In the light of these and other results [6b,6c], there is no doubt that there are pharmacological effects of essential oils. Psychological mechanisms like beliefs or expectations, however, may influence or override these physiological effects, and it remains a challenge for future research to delineate the relative influences of the various mechanisms involved in olfactory perception on human cognitive performance.
Experimental
Fragrances and experimental groups: 1,8-Cineol and linalyl acetate, the respective character impact compounds of the essential oils of Eucalyptus globulus Labill. and Lavandula angustifolia Mill., as well as jasmine (Jasminum officinale L.) absolute ether and peppermint (Mentha x piperita L.) essential oil, were tested for their effects on human vigilance. All fragrances were obtained from Dragoco GmbH (now Symrise GmbH), Vienna. According to their classification in popular aromatherapy, peppermint, jasmine and 1,8-cineol were expected to have stimulating effects, while linalyl acetate was associated with sedative effects. Except for peppermint, the fragrances were tested at two different dosages: 5 µL and 20 µL of linalyl acetate and 1,8-cineol, and 20 µL and 50 µL of jasmine were used. The effect of peppermint was measured at 20 µL. All odorants were used undiluted. Each fragrance and each dosage was administered to an independent experimental group by means of inhalation from a surgical mask.
Healthy human subjects (240) aged between 16 and 66 years (32.0 ± 12.4 years) participated in the study. They were randomly assigned to one of 7 experimental groups or the control group, so that each group consisted of 30 subjects. The study was performed in accordance with the ethical standards of the 1991 Declaration of Helsinki. All subjects gave their informed consent prior to their inclusion in the study and were free to withdraw at any time.
General experimental procedures:
Each individual session consisted of 4 trials. The first, of 10 min, served as a baseline trial and subjects in all groups wore a surgical mask with no substance applied. To take into account the impact of applying a substance to the mask, at the beginning of the second trial (10 min) water was applied in all groups. At the beginning of the third and fourth trial (15 min each) water was again administered to the control group while subjects in the experimental groups received a fragrance. This design was chosen because we were assuming that the effects of the tested fragrances would be mediated by pharmacological mechanisms and could thus be correlated with plasma concentration after inhalation. Since maximum blood levels of 1,8-cineol were found at about 18 min after the beginning of prolonged inhalation [6d], we expected the fragrances to be effective not earlier than 15 to 20 min after the onset of inhalation. Application of the odorants to the mask was repeated after 15 min, i.e., at the beginning of the fourth trial, in order to prevent an excessive decline in concentration. Subjects were not informed which substances had been applied, but were reassured that they were non-detrimental to health.
At the beginning of trials 2 and 3, as well as at the end of trial 4, subjects rated the perceived odor in terms of pleasantness (smells pleasant -unpleasant), intensity (weak -strong) and arousal (stimulating -tiring). In addition, they rated their individual stress level (I feel relaxed -tense). Ratings were assessed on 100 mm visual analogue scales.
In each trial, subjects performed a standard visual vigilance task [6e] in which they monitored a pattern on a computer screen that oscillated between two squares. Whenever the pattern appeared twice in the same square they had to push a button as quickly as possible. This critical stimulus appeared at random intervals between 8,000 and 40,000 ms. Parameters recorded were reaction time, false alarms, i.e., reaction without appearance of the stimulus, and misses, i.e., no reaction to the stimulus.
Data analysis:
Individual mean reaction times were calculated for each trial, and difference scores were calculated between individual mean reaction times in successive trials. Thus, for each subject, the mean in trial 2 was subtracted from the mean in trial 1 (T1-T2), the mean in trial 3 was subtracted from the mean in trial 2 (T2-T3), and the mean in trial 4 was subtracted from the mean in trial 3 (T3-T4). Individual mean numbers and difference scores of false alarms and misses were calculated in the same way. Subjective ratings were measured in cm from the left hand end of each scale, and difference scores were calculated between successive ratings, i.e., the value of rating 2 was subtracted from the value of rating 1 (R1-R2), and the value of rating 3 was subtracted from the value of rating 2 (R2-R3).
The difference scores of the experimental groups were compared with those of the control group by means of Mann-Whitney U-Test and Kruskal-Wallis One Way Analysis Of Variance. In addition, difference scores were compared between groups having received the same fragrance at different dosages. Given the skewness of the data, non-parametric tests were preferred over parametric statistics.
Within each group, multivariate regression models were calculated between the difference scores of the subjective ratings and the vigilance parameters. A forward stepwise modeling procedure with a minimum tolerance of entry into the model of 0.01, alpha to enter of 0.1 and alpha to remove of 0.101 was used. In addition to the statistical analyses, all significant models were inspected visually in order to identify outliers which accounted for statistical significance of the model.
